the enzyme extract was added to 1,500 11l of Na-K phosphate buffer (100 mM, pH 7) containing vanillin (0.33 mM), and the decrease in the aldehyde A345 maximum was followed for 30 to 40 min. A control experiment with boiled (5 min) enzyme extract was carried out. One unit of enzyme activity was defined as the amount of enzyme oxydizing 1 ,umol of substrate ml-' min-'. The specific activities of proteins were determined by the method of Bradford (5) .
The bioconversion experiments for vanillin (0.1 to 0.4%, wt/vol) and vanillic acid (0.01%, wt/vol) were carried out with resting-cell suspensions (108 viable cells per ml) in Na-K phosphate buffer (100 mM, pH 7; 200 ml in a 1-liter * Corresponding author. times with 100 ml) from the organic layer. This alkaline solution was acidified to pH 2 to 3 and extracted with ethyl acetate (five times with 100 ml), and the solvent was removed under vacuum to give the bioconversion product. The compound was crystallized from hexane-ethyl acetate, and the melting point was determined on a Reichert Thermovar apparatus. Electron impact mass spectra were obtained on a VG Micromass ZAB-2F (70 eV) instrument, and 'H nuclear magnetic resonance spectra were achieved on a Bruker WP-2000 SY spectrometer in CDC13.
No significant increase in cell yields was obtained with up to 0.1% glucose ( Table 1 ). The vanillic acid-producing activity reached a maximum (0.24 lLmol of oxidized substrate min-' mg of protein-') after 28 h of incubation with 0.01% vanillin as the inducer (Fig. 1) . After 2 h, in the same culture conditions, vanillin was completely converted, although the bacterial growth was in the lag phase. When no vanillin was added the specific activity was 4.2-fold lower. The vanillin concentration had a complex effect on cell growth (Fig. 2) . At concentrations between 0.1 and 0.25% it allowed growth; between 0.25 and 0.35% vanillin first acted as a bactericide, allowing growth later; between 0.4 and 0.5% it was first bactericidal and later bacteriostatic; and between 0.55 and 1% it was bactericidal only.
According to the above-mentioned results the biomass for the bioconversion of vanillin to vanillic acid was obtained after incubation of S. marcescens (28 h) in a medium with 0.1% glucose and 0.01% vanillin. Vanillin concentrations of 0.1, 0.2, and 0.3% were quantitatively transformed to vanillic acid, in the bioconversion media, after 6, 20, and 96 h, respectively (Fig. 3, Table 2 ). Also, thin-layer chromatography confirmed the complete conversion. At 0.4% vanillin a 50%c conversion was observed after a 168-h incubation period. The pHs of the media did not change over those time periods in the concurrent controls, vanillin remained unchanged, and vanillate (0.01%) was not transformed.
Recoveries of 100, 219, and 331 mg of vanillic acid per 100 ml of bioconversion medium were obtained from media containing 100, 200, and 300 mg of vanillin, respectively. The isolated vanillic acid had a melting point of 196 to 197°C and was identified by comparison of its physical and spectral data with those of an authentic sample (melting point, mass spectrometry, and 'H nuclear magnetic resonance).
The data in Fig. 3 also roughly point out that until 75% conversion the transformation rate decreased in proportion to the vanillin concentration, which could be attributed to a bactericidal effect of vanillin (1, 3, 11) . At 0.3% vanillin a considerable decrease in the rate was observed at a conversion greater than 75%. It was probably caused mainly by a vanillic acid bactericidal effect.
As far as we know this is the first report of a rapid and complete oxidation of vanillin to vanillic acid at a high substrate concentration (0.3%) by resting-cell suspensions, and the process may be commercially useful (2, 7, 8, 14) . Work is in progress to extend this transformation by S. nar(ces(ens to several other aromatic and aliphatic aldehydes, since the relaxed specificity of the involved enzymes should permit such an oxidation (6, 13, 15 
